This study investigates the contribution of deformational strain imposed by topological interconversions of DNA in ethidium bromide-binding on agarose gels. Closed-circular plasmid DNAs were nicked using UV exposure and the DNA bands were quantified by densitometry. The results show that the closed circular DNA binds the same amount of the dye as its nicked counterpart. The relationship between the band intensity on X-ray films of chemiluminescence-detected Southern blots and DNA concentration was shown to be linear.
Reliable quantification of DNA is an essential issue for researchers in biochemistry and molecular biology. Among the quantitative methods the assay of the intensity ultraviolet (UV)-induced fluorescence emitted by the intercalating dye, ethidium bromide (EtBr) is commonly applied. The dye is unaffected by the differences in the base composition and as little as 1 to 5 ng of DNA can be estimated by this method [1] . However, topological interconversions impose a number of physical and chemical deformations on DNA molecules [2] . This study analyses whether there are any differences in binding of EtBr by closed-circular and UV-nicked circular DNAs.
Simultaneously, methods employing non-radioactive nucleic acid probes, such as chemiluminescence, became a fundamental approach in membrane (Southern, Northern, dot, slot blots, etc.) and in situ hybridization experiments [3] . Currently, major concerns are associated with the relationship between the band intensity and the amount of DNA in densitometric quantification of X-ray films analysed in chemiluminescence experiments. This study also investigates this relationship using assays of DNA supercoil relaxation catalysed by mitochondrial type I DNA topoisomerase (mt topoI).
MATERIALS AND METHODS
Supercoil relaxation assays. DNA topoisomerase I was isolated from calf liver mitochondria as described by Lazarus et al. [4] . Total enzyme concentration was estimated by the micro Bradford dye binding assay [5] . Supercoil relaxation was assayed in 40 mM Tris/HCl (pH 7.0), 60 mM KCl, 10 mM MgCl 2 , 0.5 mM dithiothreitol (DTT), 0.5 mM EDTA, 30 mg/ml bovine serum albumin (BSA) and indicated amounts of plasmid substrate, pUC19 (2.69 kb) in a total of 200 ml final volume. Twenty microliter aliquots were removed and reactions were terminated by the addition of 3 ml of 5% (w/v) sodium dodecylsulfate (SDS)/25% (w/v) sucrose/0.025% (w/v) bromophenol blue, and were applied on 0.8% agarose gel. One unit of enzyme activity is defined as that amount of enzyme which removes 50% of the supercoils from 300 ng supercoiled pUC19 plasmid in 30 min at 37°C [4] . DNA bands from EtBr-stained (1 mg/ml) agarose gels (0.8%) were photographed under UV illumination and relative amounts of supercoiled and relaxed DNA bands were determined by scaning photographic negatives with an Ultroscan XL Microdensitometer (LKB). Data from three independent experiments were averaged to produce values that represent the relative amounts of the different topological forms of DNA in each set. The differences in results between individual plasmid sets were analysed by Student's t-test (two-tailed) and the null hypothesis was rejected when P < 0.05.
Chemiluminescence experiments. The chemiluminescence detection kit was purchased from Boehringer Mannheim Co. (Indianapolis, IN, U.S.A.). Plasmids were labelled by random-primed incorporation of digoxigenin-labelled deoxyuridine triphosphate (DIG-dUTP) as described previously [6] . Each reaction set containing varying amounts of labelled plasmids (from 0.1 to 2.0 mM) was incubated with eight units of mt topoI in 200 ml final volume for 30 min at 37°C. The reactions were terminated as above and applied on 0.8% agarose gel. DNA was transferred to nylon membrane by the capillary Southern-blotting procedure [1] and UV-linked with Stratalinker (Stratagene) at 1.2´10
3 Jm -2 for 30 s. The membrane was prehybridized for 1 h and relaxed DNA bands were visualized after hybridization of the membranes with DIG-labelled inserts under stringent conditions. Following autoradiography, the relative amount of supercoiled substrate converted to the relaxed form was determined by the formula: [1-(sc 0 -sc t )/sc 0 ] where sc 0 and sc t stand for the areas under the peak of initial supercoiled DNA at zero time and the peak at time t, respectively. Bands were quantified by densitometric scanning of the films. All reagents were of analytical grade.
RESULTS AND DISCUSSION
A series of supercoil relaxation experiments were performed and the obtained products, separated by gel electrophoresis, were stained by EtBr and quantitated by using a densitometer. A representative gel is shown in Fig. 1 . In each lane, the slower migrating band represents form-II or nicked-circular DNA while the fast migrating band represents form-I or supercoiled DNA. The ladder of bands between form-II and form-I DNAs are form-Ir, or partially relaxed circular DNAs generated by the removal of supercoils from highly supercoiled form I DNA by the action of mt topoI. As seen in Fig. 1 , removal of the supercoils in pUC19 by the enzyme was consistent with the unit definition (see Materials and Methods). Densitometric quantification of the bands confirmed the expected distribu-tion of topologically different populations of plasmid DNA (isomers not shown).
Since the quantitative data were generated from the densitometric estimation in EtBr-stained DNA bands of relative amounts of plasmids with different topology, the influence of the nicks on EtBr-binding of plasmid DNA in agarose gels has been determined. This approach was first reported in an early study of Bauer & Vinograd [7] who pointed to a difference in the intercalation of certain dyes among the DNA populations of topologically different isomers. Different amounts of pUC19 plasmid DNA (100 ng to 300 ng) were electrophoresed on a 0.8% agarose gel (Fig. 2) . The gels were stained with 1 mg/ml EtBr, and photographed ( Fig. 2 panel I and c (300 ng) of pUC19 plasmid. As shown in Table 1 , densitometric analyses revealed that the maximum difference between group-a and group-c prior to UV-exposure was 1.4-fold, indicating that the increase in the amount of DNA was not proportionally reflected in the estimated densities. However, this study concerns only the relative densities of the closed-circular and nicked-circular DNA popuVol. 47 Quantification of DNA topoisomers 837 lations. The average relative densities of different UV-exposure groups, analysed vertically in Table 1 , show that the difference between either the control and 5.4´10 The relationship between the band intensity and the amount of DNA observed on densitometric quantification of X-ray films was also investigated using chemiluminescence. Varying amounts of plasmids labelled by DIG-dUTP were incubated with eight units of mt topoI and relative densities of the reaction products following hybridization of the membrane with DIG-labelled probes were quantified on X-ray films (Fig. 3) . The densitometric band intensity increased with DNA concentrations showing a linear relationship (r 2 = 0.9250). The range of the substrate concentration, covered on the plot, was within the typical range of chemiluminesce studies [3] . Ethidium bromide contains a planar aromatic structure that can insert itself between two adjacent base pairs of DNA duplex [2] . In addition to its ability to significantly enhance fluorescence on DNA-binding, EtBr has an additional property interesting from the topological point of view, as it causes local winding of the helix [9] . The dye is unaffected by the differences in DNA base composition [1] . Our results also indicate that the presence of nicks in DNA does not influence EtBr-binding as nicked-circular DNA and closed-circular DNA bound EtBr in an analogous fashion under conditions of the experiments. Our study also reports a linear relationship between the densitometric intensities and DNA concentration on quantification of X-ray films of chemiluminescence-detected Southern blots. Determination of intrinsic EtBr-binding constants of DNAs with different superhelical densities in relation to the topological parameters, twist and writhe, is currently in progress.
The author acknowledges the valuable guidance by Dr. Frank J. Castora throughout the study. Thanks are also due to Dr. O. Sercan for his help in densitometric quantifications. The data points were obtained from three separate measurements (r 2 = 0.93).
